WO 2005/080845 



PCT/EP2005/001222 



METHOD FOR TRIGGERING AND CONTROLLING THE LATERAL BUCKLING 
IN UNDERWATER PIPELINES 

The present invention relates to a method for triggering 
and controlling the lateral buckling in underwater pipe- 
lines . 

The analysis of the lateral buckling and thermal ex- 
pansion of a pipeline carrying hot or very hot fluids, can 
represent a primary restriction during the design stage, 
particularly when large diameter pipes and/or high tempera- 
tures and/or pressures are involved. 

In practice, it is extremely difficult to reliably es- 
timate the localization, shape and extent of the response, 
after the triggering of a lateral buckling of a pipeline 
subjected to compression. 

Uncertainties as to the ground friction parameters, 
together with the "a priori" unknown level of defects asso- 
ciated with the pipe conditions on the seabed after its 
laying, are key factors which condition detailed design and 
require particular sensitivity analyses. These factors de- 
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termine the acceptability of the pipe configurations in 
which the buckling is triggered. 

The installation of specific supporting systems for 
pipelines has already been proposed as a solution during 
the design of a pipeline; the design of supports c an m 
fact be aimed at locally obtaining lower friction forces 
between the pipeline and support with respect to those act- 
ing between the pipeline and the seabed. These lower forces 
allow both the triggering position of the lateral buckling 
of the pipeline, which occurs in correspondence with the 
supporting system by means of lateral shifting on its sur- 
face, and also the amplitude of the deformation. 

The form of lateral deformation cannot be known a pri- 
ori as it depends on the imperfections existing when the 
pipeline is heated; the width of the supporting structure 
must therefore be established in the design phase to sup- 
port the maximum extent of deformation in both lateral di- 
rections, with the support positioned in the centre of the 
laying corridor. Furthermore, the width of the support must 
envisage installation tol e ranee s of the pipeline on the 
seabed . 

These requisites can require a large dimensional 
structure (up to several tens of meters of extension trans- 
versal to the pipeline) , thus jeopardizing the support, or 
inducing in turn interference problems (in particular in 
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the case of the crossing of existing pipelines or in the 
presence of adjacent pipelines) , and/or installation prob- 
lems, whose entity can at times prejudice the feasibility 
of the solution. 

In addition, the fatique damage caused by repeated in- 
terruption operations (shut-downs) or start-ups of the 
pipeline, not specifically controlled by the supporting 
systems normally used, could become unacceptable and/or be- 
come a restricting parameter in the design of the pipeline. 

We have found that by using certain supporting systems 
which offer a supporting system tilting transversally to 
the direction of the pipeline and not horizontal, it is 
possible to eliminate or at least considerably reduce prob- 
lems deriving, from the uncertainty of the behaviour of lat- 
eral buckl ing . 

The method, object of the present invention; for the 
triggering and controlling of the lateral buckling of un- 
derwater pipelines by the installation of supporting sys- 
tems positioned in certain points of the seabed, is charac- 
terized in that the upper surfaces of said supports, where 
the pipelines rest, are tilted with respect to the horizon- 
tal plane, transversally to the direction of said pipe- 
lines . 

The method according to the invention preferably com- 
prises the following steps : 
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• installation of supporting systems in certain points of 
the seabed; 

• laying of the underwater pipelines by resting them on the 
upper surfaces of said supporting systems . 

The underwater pipelines can be positioned on the up- 
per surfaces, also with the use of funnels formed by struc- 
tures present around the higher end of the main structure 
of the support: in this case, at least part of these 
structures can be removed after the pipelines have been 
rested on the upper surfaces of the supporting system. 

The inclination of the upper surface can be constant 
or it can vary in one or more points of the surface itself. 

The upper surface can be a tilted plane or a curved 
surface with the concavity facing upwards or it can be po- 
lygonal comprising alternating sections with varying incli- 
nations and possibly horizontal stretches. 

Furthermore, a final section can be envisaged, which 
is counter- inclined to limit the maximum amplitude due to 
thermal effects. 

The inclination angle of the upper tilted surface with 
respect to the horizontal plane, preferably ranges from 3 
to 30°, more preferably between 5 and 15°. 

This tilting configuration creates a lateral force 
acting on the pipeline, in relation to the weight of the 
line and inclination angle of the surface, which predeter- 
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mines the direction of the transversal movement of the 
pipeline on the surface of the support . 

These characteristics allow the same advantages to be 
obtained as those of traditional supporting systems, such 
as : 

- forming a reliable trigger point for the triggering of 

lateral buckling of the pipeline in a predefined loca- 
tion; 

- imposing a definite friction factor between the pipeline 
and the support . 

Furthermore, the lateral buckling acting on the pipe- 
line (induced by the tilting configuration of the upper 
surface of the support) , produces additional significant 
advantages : 

- it allows the direction of the lateral movement of the 

pipeline- due to buckling, to be controlled, thus over- 
coming any uncontrolled effect associated with defects 
in the pipeline configurations; 

- it reduces the stress variation range in the deformed 

zone induced by the cyclic loads due to repeated shut- 
down and start-up operations. 

From what is specified above, it is possible to obtain 
the following benefits with respect to supporting systems 
with an upper surface having a horizontal configuration: 

- the size of the supporting system can be significantly 
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reduced (in particular its extension transversal to the 
pipeline) thus reducing the weight and cost of the sys- 
tem itself; 

- the manufacturing, transportation and installation of the 
supporting system are improved and simplified due to the 
smaller size; 

- the configuration of the pipeline after the triggering of 
the bucking can be optimized and controlled in terms of 
position, direction and amplitude. 

The support, a further object of the invention, is ba- 
sically a structure, positioned on the seabed, on which a 
pipeline can be rested. Its main characteristics are: 

• Structure with a simple or lattice framework, with suit- 
able foundations, for example of the mud-muts or suction 

piles type; the use of beam or tubular elements made of 
metal (for example steel) or composite material, is en- 
visaged. The selection of the configuration of the sup- 
port (single or multiple, i.e. a combination of various 
supports with a single base structure) must ensure the 
stability of the system, on the basis of the project pa- 
rameters (height of the support, vertical and horizontal 
reactions of the pipe, ground conditions, etc.); 

• Tilting configuration of the upper surface; the inclina- 
tion can be constant or transversally variable, thus ena- 
bling the dimensions of the structure and effectiveness 
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of the control action on the buckling, to be optimized; 

• Use of suitable coating material with a certain friction 
coefficient, compatible with the coating of the pipe for 

controlling the extent of lateral buckling, or alterna- 
tively, the use of a system with supporting rollers; 

• Optional presence of an appropriate funnel formed by 
structures present around the higher end of the carrying 

structure of the support, which allows: 

- the extent of the laying corridor to be covered, in- 

cluding the installation tolerances; 

- the pipeline to be laterally guided into the correct 

initial position above the guides during the lowering 
of the pipeline in the laying phase; 

- the size of the structure to be minimized. 

The configuration of the funnel can comprise bumper 
systems or equivalent devices, which can sustain the reac- 
tion of the pipeline during installation without damaging 
the pipeline itself. The partial or total removal of the 
funnel is effected, once the pipeline has been laid, by op- 
erations with or without underwater divers, to allow the 
lateral movement of the pipeline during thermal expansion 
and the triggering of the lateral buckling. 

The support can optionally be equipped with suitable 
devices (jacks, screw or rack elements, etc.) which allow 
the inclination of the upper surface to be varied both af- 
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ter the laying of the support and before that of the pipe- 
line and also during the operating life. 

Some embodiments of the invention are provided with 
the help of figures 1-8. 

Figure 1 represents a configuration of the support 
with a single framework. 

Figure 2 represents a configuration of the support 
with a multiple framework. 

Figures 3 and 4 represent a front view of the same 
previous configurations, after the laying of the pipeline 
and after the lateral buckling of the pipeline itself, re- 
spectively. 

Figures 5 and 6 represent a front view of a configura- 
tion with a constant tilting surface and a variable tilting 
surface, respectively. 

Figure 7 represents a front view of -a configuration in 
which the final section of the upper surface of the support 
is counter- inclined . 

Figure 8 represents a front view of a configuration in 
which the upper surface of the support consists of a suc- 
cession of surfaces with varying inclinations alternating 
with horizontal stretches. 
The following numbers indicate: 

(1) the base structure; 

(2) the tilting upper surfaces; 
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( 3 ) the f unnel s ; 

(4) the fixed bumpers ; 

(5) the movable bumpers after the laying of the pipeline; 
(Pi) the pipeline after laying; 

(Pf) the pipeline after the triggering of the lateral buck- 
ling; 
(F) the seabed; 
(C) the laying corridor; 

(a) the inclination angle of the upper surface with respect 
to the horizontal plane. 



